Introduction
Grapevines (Vitis vinifera L.) were domesticated approximately 7000-9000 years ago in a territory between the Black Sea and Caspian Sea, and subsequently spread around the Mediterranean, later to other parts of the Earth. The first archaeological finds documenting cultivation of grapevines at the territory of the present Slovak Republic are vineyard knifes from 6 st -7 th century B.C. The vegetative mode of grapevine propagation favoured the spread of cultivation but simultaneously reduced genetic diversity. Nevertheless, specific soil and climatic conditions in new regions where grapevine began to grow influenced and extended its genetic variation. Secondary domestication events, such as mutations, occurred [1] to create new genetic variants within clones derived from vegetatively propagated single plants [2] . Consequently, this process was frequently associated with synonymies and homonymies in the names of cultivars and clones. A critical phenomenon reducing genetic variation in grapevine was and is still replacement of original and local genotypes with a limited number of commercially well-established cultivars. It is serious reason to collect, maintain, and evaluate original germplasm as a pool of genes for future programs of grapevine improvement. Effective tools for complex management within plant genetic resources are molecular approaches for distinguishing and evaluating individual accessions as well as large collections [3] of cultivars, clones, and biotypes [4] . Such molecular data have the potential to also be used for effective management within collections of grapevine cultivars, clones, rootstocks, and accessions. They are available over all plant growth phases, can complement ampelographic evaluation, and have other necessary parameters such as higher accuracy and transferability across laboratories. Microsatellites (known also as simple sequence repeats -SSRs) are able to reveal differences between individual plant accessions within species having limited genetic variation [5] . They have been applied in grapevine genetic map construction, genetic diversity assessment, pedigree studies, and clonal pre-selection [5, 7, 8] . Suitable microsatellite primers for multiplex assays have also been developed [6] .
A total of 2173 grapevine cultivars were officially authorized for cultivation in the EU countries in the year 2011 [9] . Together with the high number of grapevine accessions maintained within the genebank's collections, there are desirable robust tools for management within them. The number of grapevine accessions within the Slovak national Vitis collection is more than six hundred, but molecular characterization and differentiation has never been done. Therefore, the aims of this study were to analyse and use variation at the microsatellite loci for: i) genotyping and discrimination within grapevine accessions maintained in the national collection of genetic resources, ii) evaluation of genetic diversity, iii) differentiation of recent Slovak cultivars mutually and from other accessions. DNA was extracted from the young leaves [10] . The eleven microsatellite markers used for genotyping were: VVS2 [11] ; VrZAG62, VrZAG79 [12] ; VVMD5, VVMD7 [13] , ISV2, ISV3, ISV4 [14] , VVMD27, VVMD28
Experimental Procedures
[10], VMCNG4b9 [Vitis Microsatellite Consortium, 15]. The PCR reaction mixture (25 µl) contained 20 ng of DNA, 10 µl of Eppendorf HotMasterMix (2.5x), and 5 pmoles both of primers. Reaction parameters were: initial denaturation 90 s at 94°C followed by 35 cycles: 30 s at 94°C, 30 s at 55°C, 30 s at 72°C, and a final 7 min at 72°C (using the Applied Biosystem 9700 Thermal Cycler). Final PCR products (0.75-1.5 µl) were analysed by DNA sequencer (ABI PRISM ® 3100 Avant Genetic Analyzer).
The number of alleles (n), number of effective alleles (n e ), frequency of allele, expected (H e ) and observed (H o ) heterozygosity, polymorphic information content (PIC), and probability of identity (PI) were calculated using the software Microsoft Office Excel and the freeware program for analysis of microsatellite data IDENTITY 1.0 programme (http://www.uni-graz.at/~sefck/). The H o was calculated as the ratio between the number of heterozygous individuals and total number of genotypes per locus, H e according to the formula H e = 1-∑p i 2 [16] . The PIC, effective number of alleles (n e ), and PI values were calculated as: 1-∑p i 2 -∑p i 4 (p i is the frequency of i th allele), n e = (∑p i 2 ) -1 [17] , and 2*(∑p i 2 ) 2 -∑p i 4 [18] , respectively. The software PAST [19] was used for cluster analysis. The unweighted pair-group average method (UPGMA) was used for dendrogram construction based on Jaccard's similarity coefficients.
Results
All tested microsatellite primers revealed polymorphism allowing the determination of parameters n, n e , H e , H o , PIC, and PI ( Table 1) . A total of 98 different microsatellite alleles were observed and microsatellite fingerprints of analysed grapevine accessions were submitted to the European Vitis Database (http://www.eu-vitis.de/ index.php). The number of different alleles per locus (n) ranged from 6 to 12, average number of alleles per locus was 8.91, average n e and PIC were 5.154 and 0.760, H e ranged from 68% to 88%, and H o from 84% to 98%, respectively. Table 2 presents the size and frequency of alleles within the analysed set of grapevines. Generally, there were 2 -3 dominant alleles at each locus and the most frequent were allele 139 (frequency 45.1%) at the locus ISV3 and allele 158 (44.1%) at the locus VMCNG4b9. The highest n e value was calculated for the locus VVMD28 where 4 alleles were almost equally distributed. The PIC value was the highest for this locus, even though PIC values were relatively high for all loci. The average value of PIC was 0.760 ( loci ISV3 and VVMD28, respectively. The PI values were in the range 0.029 -0.152 and the most valuable marker for this parameter was VVMD28 (PI = 0.029).
The cumulative probability of occurrence of identical genotypes at all analysed loci was 9.85×10 −14
. Altogether 47 different microsatellite patterns have been detected within 51 analysed grapevine accessions. Two triplets of accessions showed identical microsatellite patterns at all analysed loci. The first included Chrupka červená, Chrupka biela, and Chrupka Jalabertova, the second Rulandské modré, Rulandské biele, Rulandské šedé ( Figure 1 ). Three accessions of Chrupka had the same genetic background, nevertheless they can be distinguished by the colour of berry skin -two were rose and one white. Three accessions of Rulandské had black or white berry colour. Finally, two pairs -Chrupka červená/Chrupka Jalabertova and Rulandské modré/ Rulandské šedé could be provisionally considered as synonymies. Regardless, it could be concluded that microsatellite markers were efficient for grapevines differentiation.
The dendrogram presents grouping of 51 grapevines into two main clusters (I. and II., Figure 1 ). The larger one (II.) divided accessions into two subclusters representing 13 (II.A) and 17 (II.B) accessions, respectively. Cluster I. also contained two sub-clusters. The smaller sub-cluster (I.A) contained only two recent Slovak cultivars (Dora and Negra), and the larger (I.B) contained 19 accessions. Twelve recent cultivars developed and released in Slovakia were distributed in both main clusters and all four sub-clusters had relatively high diversity within them.
The ratio of original Slovak cultivars from all those analysed was only 23.5%, nevertheless they possessed 77.6% of the total microsatellite variation included in all accessions. This highlights relative high effectiveness of the former national grapevine breeding program that exploited not only diverse genetic backgrounds but also further increased genetic variation in a newly-created cultivars.
The microsatellites used also allowed to confirm parentage of some of the Slovak cultivars, e.g. Mília (Müller Thurgau × Tramín červený), Diamant, Dora, or Rúbanka (created from three different clones selected from hybridization Julski biser × Panonia Kincse) ( Table 3 ).
An unusual triallelic pattern was also detected within analysed accessions -at the locus ISV2 in the cultivar Irsai Oliver (Figure 2 ), representing Type 2 of triallelic pattern [20] . Such somatic mutation and its accumulation were designated as a way of diversification process and phylogeny [21] and as a slow but constant evolution ongoing in grapevine [2] . Generally, mutations are important genetic events in grapevine, generating variation (phenotypes) in important traits such as berry colour and flavour, date of ripening, size and compactness of bunches, yield, and others. 
Discussion
The evaluated set of grapevine genetic resources included cultivars created within the former national breeding program as well as older, locally adapted, and traditionally grown cultivars of different origins. Microsatellites, as efficient molecular tools, are beneficial in larger or smaller grapevine genetic resource collections, as well as in locally specific [22] and autochthonous grapevine cultivars [23] . Their high discrimination power also reflects variation over the grapevine genome [24] . Based on the structure of accessions in the analysed set and microsatellite markers used, high genetic diversity could be expected in this study. Parameters characterizing genetic diversity such as n e , PIC, H e , and H o confirmed this.
Even though the number of analysed grapevine accessions was limited to fifty-one, the above mentioned diversity parameters were higher than in a collection of 1005 national and international grapevines [25] . Previously, it has been presented that in the nested core collections of Vitis vinifera L., even a small number of cultivars (only 92) can represent 100% of microsatellite diversity [26] . The moderate set of grapevine accessions created from the Slovak national collection and analysed in this study is just such a collection.
Microsatellite markers also allowed pedigree study in selected cultivars and mutual differentiation between twelve recent Slovak cultivars.
Further applications of microsatellites should be improved by the development of marker-specific allelic ladders to avoid discrepancies in the determination of allele size and to harmonise evaluation of data generated by different equipment and in different laboratories [24] . Efficient use of microsatellites should also be increased by the availability of a larger set of new microsatellite markers suitable for multiloading and multiplexing, respectively [6] . In addition, microsatellites could be used for genetic uniformity detection in grapevine plants propagated in vitro [27] and plant origin certification. Moreover, wine quality control and falsification, respectively, can be analysed from DNA extracted from wine [28] . Other DNA markers such as AFLPs, M-AFLPs, SAMPLs, ISSRs, and SNPs [29] have also been suggested for studies of genetic variation accumulated over centuries of cultivation and selection in different environments.
Conclusion
The microsatellite markers used effectively differentiated grapevine accessions maintained in the national collection of genetic resources, could effectively complement ampelographic characteristics, and can generally be used as an advanced molecular tool for management within the Vitis genetic resources collection, such as genotype identification and distinguishing, genetic diversity studies, core collection creation, pedigree study and verification, genetic changes to appearance and others. Microsatellite fingerprints were able to differentiate mutually recent Slovak cultivars and allowed parentage studies.
